Many cardiac defects can be repaired by direct suture. Some septal defects and narrowings of the ventricular outflow tracts require the implantation of additional material. The qualities of the implanted material may need to differ according to the nature of the defect. If it is one involving the outer wall of the heart or great vessels the repair may be able to gain blood supply or support from the surrounding tissues. If, on the other hand, the defect is intracardiac, perhaps a large atrial or ventricular septal defect, it may be that the implanted material will need to lie with both its surfaces freely exposed to the blood. It must then rely upon its own strength and durability, to- gether with any growth of host tissues that may occur from its periphery, in order to remain intact. It will not have the advantage of assistance or support from the host tissues on one of its surfaces, such as it might get if it were placed on the outer wall of the heart or great vessels.
It is difficult to test unsupported implants in the heart because artificially produced defects in the septa show a strong tendency to contract and obliterate. Defects in the walls of the heart or great vessels can be made in such a way that this tendency is overcome. The studies recorded here are of materials implanted into such defects. They give direct data on the behaviour of supported implants but also less directly some knowledge as to how unsupported implants of different materials might behave.
METHODS
The dogs in this series were 62 mongrels of all ages varying in weight from 2-2 to 32-5 kg., with an average of 14-6 kg. Younger dogs were used for patching under hypothermia because they were less susceptible to ventricular fibrillation. Some small puppies were also used in open operations, using the pump oxygenator to gain additional experience in perfusion of small patients.
Most of the dogs were operated through a right thoracotomy in the bed of the fifth rib, which was found to be most satisfactory. In 20 of these, extracorporeal circulation was used with a variety of apparatus. The early cases were done with a Melrose-N.E.P. pump oxygenator, and the later cases with an Osborn-Bramson-Gerbode rotating disc oxygenator in combination with either a 'Mono' pump or a roller pump. The remaining cases were done under hypothermia and inflow occlusion, applying the patch to the exterior of the pulmonary outflow tract and resecting the myocardium and pulmonary artery beneath through a gap left at the myocardial end. In all of the later cases the pericardium was closed over the patch to give it support and to assist in haemostasis. Figure 1 shows the position in which the patch was inserted in the heart. In all cases a substantial amount of pulmonary valve was excised together with a 4 by 2 cm. area of pulmonary artery and right ventricle to ensure incompetence of the valve. This was necessary to prevent shrinkage of the patch which always occurs in the ventricle if the pulmonary valve remains competent.
PATCH MATERIALS Materials used for vascular repair are conveniently classified as (1) autografts, consisting of tissues from the host animal itself; (2) homografts, consisting of tissues taken from other animals group.bmj.com on June 23, 2017 -Published by http://thorax.bmj.com/ Downloaded from
Comparison of materials for repair of cardiac defects of the same species; (3) heterografts, consisting of tissue from a donor of some species different from the host; and (4) prostheses, which are non-biologic materials usually made of woven plastic cloth. Autografts were made from the dog's own pericardium. This was taken from low down, and the pericardium was reconstituted at the end of the operation covering the patch and leaving only a small defect over the apex of the ventricles which did not allow herniation of the heart. The suture-holding properties of all the materials were assessed by measuring the weight at which a 3/0 atraumatic silk suture placed I mm. from the edge of the material would pull out. This was done by a method similar to that described by Warwick-Brown (1954) . The strengths for different materials compared with the cardiac wall are shown in Table I . The materials tested for suitability as patches were: (1) as autograft, fresh canine pericardium; (2) as homograft, formalin-preserved canine inferior vena cava; (3) as heterograft, formalin-preserved human pericardium; (4) as prosthesis, C828 terylene ('Dacron') Taffeta.' The preserved animal tissue was extended on a rigid plate of plastic and stored in 4% formol saline with a pH range of 5-6 to 6-74, which is reported to cause the least tendency to calcification (Peirce, Rheinlander, Moritz, Gross, and Merrill, 1949; Kinmonth, 1960) . Before insertion the preserved grafts were washed in sterile saline and were used with the endothelial or serous surface towards the lumen.
RESULTS
The dogs were sacrificed at varying intervals to provide at least two of each type of patch at three, six, and nine months, with some left for longer periods. The homograft group, using formalin-preserved canine inferior vena cava, were all macroscopically successful with no evidence of dilatation or contraction, a smooth shiny surface inside, and a densely adherent pericardium on the exterior surface of the patch. (Creech, 1959) , that this degenerative situation might represent an intrinsic weakness. The group with heterografts of human pericardium also had a fairly satisfactory macroscopic appearance, but on microscopic examination the cases sacrificed at three months showed marked foreign-body reaction and lysis of the graft by histiocytes (Fig. 3) , while those sacrificed at nine months had complete resorption of the graft elements with replacement by fibrous tissue containing cartilage, calcium, and signs of abscess formation.
The terylene autografts were very successful.
Macroscopically they were covered by a thick layer of smooth, shiny fibrous tissue on the internal surface, and a strong layer of fibrous tissue on the external surface, probably proliferated by the densely adherent pericardium. Microscopi-cally the material remained unchanged but showed good invasion of its interstices, good seating at the graft host junction, and strong, well-vascularized fibrous tissue support on both sides (Figs. 4 and  5) . The autogenous pericardial patches were all macroscopically successful, and there were no cases of aneurysmal dilatation of the patch. Microscopically they showed no degenerative changes, but neither did they show formation of additional fibrous tissue. They looked virtually unchanged. The autogenous patches were much more difficult to manipulate and to make bloodtight than any of the other materials, and many dogs failed to survive operation on this account. Once they were in place and haemostasis was secured, they seemed to function as well as the other materials.
The tear-out strengths are shown in Table II .
The suture 'pull-out' strengths recorded in Table II all refer to the patch material itself measured after it was denuded of overlying pericardium, lung, or other tissue.
It will be seen that autogenous pericardium started with a low 'pull-out' strength for sutures but increased to a mean of 548 g. in dogs sacrificed six to 13 months after it had been inserted.
The preserved homograft material came next, attaining a mean of 812 g. after implantation for similar periods. Both heterografts and prostheses attained strengths greater than could be measured by this method as they became stronger than the suture material used.
When both the strength attained by the different materials and the microscopic appearances are ;.; . . x u . ; . , . 6 7 , . r t 6 j d i $ p l a c e . If these findings are to be used as a guide in clinical practice, it might be concluded that terylene cloth would be the stronger and safer material to use for a patch that might have to remain unsupported, as for example in a large septal defect. For patches in the wall of the heart, where additional strength may be rapidly gained from the adherence of adjacent structures such as the patient's own pericardium, the other materials tested would be adequate. Autogenous pericardium is convenient to procure. It has the extra virtue that it is, unlike cloth, non-porous and less likely to allow troublesome oozing. It would be preferable to use, for example, to enlarge the pulmonary outflow tract should this need to be done in a patient with Fallot's tetralogy or a similar deformity.
These experiments suggest that prosthetic material produces the strongest repair and might be best for use as unsupported patches.
Autogenous pericardium also produced good repairs but was less strong than cloth. It should be adequate for supported repairs in the external wall of the heart.
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